The functional and structural complexity of the myriad of cells in metazoan organisms arises from a small number of stem cells. Stem cells are characterized by two fundamental properties: self-renewal and multipotency that allows a stem cell to differentiate into virtually any cell type 1 . The progression stem cell to differentiated cell is characterized by loss of multipotency, structural and morphological changes and the hierarchic activity of transcription factors and signaling molecules, whose activities establish and maintain cell-type specific gene expression patterns. At the molecular level, cell differentiation involves dynamic changes of the structure and composition of chromatin and the detection of those dynamic changes can provide valuable insights into the functional features of stem cells and the cell differentiation process 2,3 . Chromatin is a highly compacted DNA-protein complex that forms when cells package chromosomal DNA with proteins, mainly histones 4 . Stemcellness and cell differentiation has been correlated with the presence of specific arrays of regulatory proteins such as epigenetic factors, histone variants, and transcription factors 2,3,5 .
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Chromatin immunoprecipitation (ChIP) provides a valuable method to monitor the presence of RNA, proteins, and protein modifications in chromatin 6, 7 . The comparison of chromatin from different cell types can elucidate dynamic changes in protein-chromatin associations that occur during cell differentiation.
Chromatin immunoprecipitation involves the purification of in vivo cross-linked chromatin. The isolated chromatin is reduced to smaller fragments by enzymatic digestion or mechanical force. Chromatin fragments are precipitated using specific antibodies to target proteins or protein and DNA modifications. The precipitated DNA or RNA is purified and used as a template for PCR or DNA microarray based assays. Prerequisites for a successful ChIP are high quality antibodies to the desired antigen and the availability of chromatin from control cells that do not express the target molecule. ChIP can correlate the presence of proteins, protein and RNA modifications, and RNA with specific target DNA, and depending on the choice of outread tool, detects the association of target molecules at specific target genes or in the context of an entire genome. The comparison of the distribution of proteins in the chromatin of differentiating cells can elucidate the dynamic changes of chromatin composition that coincide with the progression of cells along a cell lineage.
Video Link
The video component of this article can be found at http://www.jove.com/video/780/
Protocol Thawing ES cells (Not Featured in Video)
ES cells are frozen in medium containing 10% DMSO. Since DMSO can induce the differentiation of ES cells, it can be possible to thaw the cells late in the day and so to change the medium the following morning to minimize the effects of residual DMSO. • Initial Denaturation 95°C for 3 minutes • Perform 14 cycles as follows:
• Denature 94°C for 15 seconds • Anneal/Extend 65°C for 5 minutes
After cycling is complete, maintain the reactions at 4°C or store at -20°C until ready for analysis or purification. 3. Purify the DNA with PCR Purification® Kit from Quiagen according to the manufacturer's instructions and quantify concentration by UV absorption (260 nm). 4. Perform again a cycle of amplification from Library Preparation, Step 1 through Amplification, Step 2, with the following adaptations.
• Concerning the amount of required DNA from Step 3, above, to initiate the fragmentation process: If the concentration of DNA is around 200-300 µg/ml, use 2.5 µl of sample and adjust with water for a final volume of 10 µl. If the concentration of DNA is around 50-60 µg/ml, use 5 µl of sample and adjust with water for a final volume of 10 µl.
• In this second amplification process, dNTPs with dTTPs for the master mix is exchange for a mix including 10 mM dATP, 10 mM dGTP, 10 mM dCTP and 8 mM dTTP and 2 mM dUTP at the same concentration that the previous mix. 5. Measure DNA using UV-vis spectrophotometer (260 nm). Normally, greater than 9 µg of amplified DNA is obtained from each reaction.
NB: The labelling of the DNA targets is performed with the GeneChip® WT Double-Stranded DNA Terminal Labelling Kit from Affymetrix according to the manufacturer's instructions, as described below:
Fragment amplified targets 1. Fragment the samples using the appropriate table below depending on what array type the target will be hybridized to. • 37°C for 1 h.
• 93°C for 2 min.
• 4°C for at least 2 minutes.
4. Flick-mix, spin down the tubes, and transfer 45 µl of the sample to a new tube. 5. Remove 2 µl of each sample for gel-shift analysis.
Label fragmented double-stranded DNA 1. Prepare the double-stranded DNA Labelling Mix as described in the table below: Table 3 
Array hybridization & Array washing
Performed by the Genomic Center of the University of California Riverside.
Array analysis
Performed by computational analysis.
BUFFER COMPOSITIONS:
Block Solution: PBS + 0.5% Bovine Serum Albumin (BSA). 
Discussion
Chromatin immunoprecipitation (ChIP) offers a valuable technique for the dissection of chromatin-based processes during cellular differentiation. Prerequisites for the success of this method are good antibodies and the availability of chromatin from control cells or tissues that lack the antigen of interest. By combining ChIP with DNA microarray technology, vast amounts of information can be obtained. The validation of ChIP results depends on the availability of suitable test systems that can link the dynamic association of proteins, protein modifications and/or RNA with the execution of biological processes during cell development.
